The relevance of the paper is determined by the changes in the conditions of energy and economy development, that impose new requirements on the methodology of energy demand forecasting. The most important changes are happening to energy consumers. The consumers, as equal participants in the electricity market, will affect demand, prices and adaptability in the power system in future. The main reason to use semantic approach and agent-based modeling is impossibility to formalize direct and feedback connections between consumers and central power grid along with high uncertainty. Ontology and cognitive model of the regional energy system was designed. It allows to recognize and determine cause-effect relationships in different operating conditions of the regional energy system. The developed algorithm and model, based on the agent approach, make it possible to assess the possibilities and the strength of consumer behavior effect on the development of the regional power grid.
Introduction
Today, in the world power industry, there are revolutionary changes, which were caused by the following challenges facing the world:
• increasing depreciation of the electric power infrastructure, • appearing and development of distributed energy resources (including renewable energy resources), • increase of environmental requirements, • increase of electricity cost, • fast electricity demand growth, • increasing requirements for quality and reliability of energy supply, • changing role of consumers in the energy system. Experts see the solution to the challenges in the transition to the next energy structure, the main role in which will play integrated and united smart grid [1] .
An important feature of the future energy sector is the orientation towards the needs of the end user. The client-oriented approach imposes new requirements to the methodology of energy demand long-term forecasting. Existing approaches, being based on the concept of centralized fuel and energy supply of consumers, focus on the national level [2] [3] [4] . Energy consumptions of regions are calculated, as a rule, by dividing the national volume of fuel and energy consumption into parts according to a regional consumption structure of the country. New conditions make researchers pay more attention to the consumers at regional level where energy producers and consumers protect their interests, forming the conjuncture of regional energy markets. It can require an iterative process between the regional and national levels and affect the structure of new generating capacities in the power industry.
Controlled-load consumers are an important part of the smart grid. Any consumer (industrial enterprises, transport, service industry enterprises, households, etc.) can be controlled-load if it possible to control the amount of electricity, received from power grid, according to the information of prices, reliability, quality, and other parameters and to influence them by selling self-generated electricity [5, 6] . Such consumer behavior not only affects demand and prices on regional energy markets, but also increases the level of adaptability of energy systems to changing development conditions.
Adaptability of the energy system is an ability of a system to adjust to changing external and internal conditions and to keep achieving its development goals. The goals could be the following ones: sufficient energy supply to the economy; formation of rational structure of electricity generating capacities; achievement of optimal volumes and directions of energy supplies to the region, etc. [7] . It is obvious that energy companies benefit from increasing in their adaptability, as it reduces risks and increases economic efficiency. In addition, the adaptability can be one of the criteria for making investment decisions and for assessment of the reliability of power industry [8] .
The level of energy system adaptability is determined not only by recovery costs but also by the number of possible, accessible and effective options for the system to response to these changes: the more the number, the higher level of adaptability. The consumers, as equal participants in the electricity market, will help reduce peak loads, reserve capacities, fuel costs, losses, what will affect demand, prices and level of energy system adaptability in power industry [9] .
Literature review
Modeling the behavior of energy consumers has become very relevant in recent years. In the world, one of the main research topics is demand management in households, depending on the electricity price, to reduce self-consumption costs. The paper [10] considers the ways of reducing the consumption of the most energyintensive devices in the peak part of the daily load schedule. In [11] researchers offer to carry out selfconsumption and self-generated electricity for days ahead on the basis of economic parameters optimization, whereas in [12] researchers suggest doing the same on the basis of technical parameters. In [13] authors estimate the comparative efficiency of distribution of self-generated electricity between electrical appliances and storages. The approach presented in [14] assumes the maximum benefit from the rationalization of energy consumption for each consumer from the group of households, which have one energy source, and in [15] for the group of households as a whole. In [16] authors model and analyze a load schedule of each consumer in a group and asses the influence of their interaction on the voltage in the network.
The Russian researchers solve the problem of optimization of daily schedules of the operating modes of devices and equipment both for households [17] and industrial enterprises [18] . In the paper [19] , the issues of coordination interaction between consumers and power grid for regulation daily load schedules are considered.
The main goal of the mention papers is to achieve satisfactory results in real-time demand management for both an individual consumer and a group of consumers. Such researches are not enough for forecasting, as it should answer the following the question: how will optimization of self-consumption and self-generated electricity affect the overall electricity demand, the structure of generating capacities in the electric power grid, and its adaptability. It should be noted that changing of electricity demand affect demand for other types of energy resources in the regional energy market.
The purpose of this paper is a development of longterm forecasting methodology to assess the influence of controlled-load consumer behavior on electricity demand and the structure of generating capacities in a regional power system. The main difficulties in analysis and simulation of this influence are the following ones: (1) multidimensionality and interconnectedness of the electricity market; (2) high uncertainty of indicators, factors and relationships in the development of the electricity market; (3) a nonstationary nature of changes in the process of the electricity market development over time. Authors propose to apply a semantic approach and agent-based modeling to overcome the difficulties in simulation of power system development, that are associated with high uncertainty and impossibility to formalize grid-consumer connections.
The proposed method
It is supposed that the regional power system consists of a centralized power grid and a set of consumers. The centralized power grid consists of a set of large electric power plants with different types of used fuels (coal, gas, nuclear, etc.), technologies and economic indicators (fuel consumption, cost, etc.). The change in the share of each power plant in total electricity production affects electricity price in the centralized power grid.
For the study it is necessary to divide all energy consumers into the following several types:
(a) stable (passive) consumers, which can't change its energy consumption, because of technological and other peculiarities; (b) controlled-load consumers, which able to change (reduce) its energy consumption; (c) prosumers, which have demand management, self-generated capacities and energy storage batteries, as well as possibility to sell the electricity to the centralized power grid.
The volume of electricity used in the regional market is composed of the needs of all consumers V r =V s +V a +V p Where V s -the need for electricity of stable consumers, kWh; V a -the need for electricity of controlled-load consumers, kWh; V p -the need for electricity of prosumers, kWh.
Stable consumers do not have ability to influence on electricity demand in a regional power system because of constant consumption V s = const The controlled-load consumers try to optimize selfconsumption and minimizing energy costs.
Where З -electricity costs, с t -electricity price for production structure t in the centralized power grid, e ithe power of each device (air conditioners, heaters, water heaters, ovens, lamps, etc.) of i-th consumption process (lighting, heating, cooling, power, etc.), nnumber of devices, h i -hours of device operation. For the prosumers, it is necessary to find such combination of both received and self-generated electricity for self-consumption, the cost of which should not exceed the specified level , including income from the electricity sold to the centralized power grid.
The following situations are possible:  All electricity comes from a centralized power grid  Electricity comes both from centralized power grid and from self-generation where α -share of purchased electricity in total consumption, s -cost of self-generated electricity.  The prosumer fully provides self-generated electricity N j -power of all self-generating capacities j, h jhours of operation of self-generating capacity j, s jelectricity cost of each self-generated capacity j.
In this case,
In the last two cases, the consumer can sale the electricity surplus to the centralized power grid and receive revenue d.
We use possibilities of semantic approach for simulation of relationships in the regional power system. Given increasing uncertainty and impossibility of formalization of consumer-grid relationships, semantic modeling allows us to design ontology and to describe the domain area as a set of concepts and relations between them [20] (fig. 1) .
The basis for construction ontology is the following information:
• In a region there is a centralized power grid consists of a set of large electric power plants with their technical and economic parameters,
• The goal of a centralized power grid is to maximize production,
• There are a set of industrial and non-industrial energy consumers of different types,
• Consumers buy electricity from a centralized power grid,
• The purpose of consumers is to minimize cost of self-consumption,
• Prosumers can use self-generated electricity for self-consumption, storage or sell it to a centralized power grid.
Controlled-load consumers and prosumers can change energy self-consumption volume if cost of electricity in a centralized power grid does not suit them. It is the reason to reduce consumption volume of electricity received from centralized power grid and to use self-generation capacity. New relationships, shown in the ontology by dotted lines, appear in this case.
Being directed graphs, cognitive models are used to describe cause-effect relationships. In a cognitive model ( fig. 2) , vertices are the objects of the regional electric power system, and edges are the connections between them. In the proses of construction the cognitive model, it was found that the relationship between such indicators as volume of electricity production in the centralized power grid (V c ), capacity of different types of power plants (N c ), and the price of electricity (P c ) is determined ambiguously and depends on the situation in a region. To determine this relationships, it is necessary to do additional calculations by following the algorithm ( fig. 3) :
 The maximum level of electricity demand in the regional energy system is calculated as the sum of all energy self-consumptions (demand of all stable consumers is the constant part of the demand),  Determine priority of power consuming processes and amount of possible reduction of selfconsumption for each controlled-load consumer and prosumer,  The structure of electricity production and its price in the centralized power grid are determined by optimization by criteria of minimum cost of 1 kWh to meet the estimated maximum electricity demand,  Controlled-load consumers and prosumers optimize self-consumption in accordance with the calculated electricity price in the centralized power grid and determine possible demand reduction and a new level of energy consumption for the centralized power grid,  Under new conditions new production structure is optimized in the centralized power grid and new electricity price is calculated,  Iterative calculations process stops when all prosumers fully switch to self-generated electricity. Then the electricity demand volume is calculated. The magnitude of decrease from the 
Advances in Intelligent Systems Research, volume 158
maximum demand volume is estimated and analyzed. Agent-based approach was chosen to simulate all the objects and their relationships in a regional power system. This approach allows modeling the most complex nonlinear direct and feedback links with any necessary level of detail and abstraction [21] .
The multi-agent model of a centralized power grid is under development now. In such model, each power plant represents an agent, which could optimize its technical and economic indicators.
Previously developed prototype of the multi-agent model of prosumer is described in [22] . Being based on a typical multi-agent system, this model consists of a set of agents [23] , which represent behavior of the prosumers. Each agent describes the operation possibility of an individual power-consuming or generating device. The agent-manager carries out control over the operation of each device-agent and the coordination of processes of their behavior. This agent contains descriptions of all possible scenarios for the mutually agreed behavior of the self-consuming and self-generation processes and relations with the centralized power grid. Depending on the situation in the centralized power grid, it controls self-consumption and self-generation to implement a scenario that corresponds to its interests. Using the apparatus of Joiner-networks, each specific scenario could be described as an event model [24] .
Conclusion
The changes in the paradigm of energy sector development based on the concept of Smart grid and the growing uncertainty of national and region economy impose new requirements on the methodology of longterm energy demand forecasting.
The consumers, as equal participants in the electricity market, will affect both demand and prices in the power system in future.
Semantic approach allows us to overcome the difficulties in modeling power system development that are associated with high uncertainty and impossibility to formalize grid-consumer relationships.
The developed algorithm and model, based on the agent approach, make it possible to assess impacts of consumer behavior on the structure and operating conditions of the regional power grid.
